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Influence of Salinity acclimation on Routine Metabolic 


Rate Pattern in Different Salinities of the Percoid Fish, Girella nigricans (Ayres). 
Bull. Inst. Zool., Academia Sinica 21(1): 21-26. Girella nigricans osmoregulated and 
maintained a stable metabolic rate over a range of salinities from 10 to 48%. Yet, 
blood hematocrit values increased in 48% acclimated fish. Blood osmolarity value 
changed differently when different acclimated groups were transfered into the same 


salinity. 


And the stable metabolic rate pattern with respect to salinity change was 


altered after acclimation to 10%) and 48%. This phenomenon and its possible ecological 


significance are discussed. 


Neron studies have demonstrated the 
tolerance of salinity variations, and the osmotic 
and ionic regulation capacity of fishes t>®®, 
However, the energetic cost of salinity adapta- 
tion needs more attention’. Previous works 
in this field such as Framer and Beamish‘, 
Job®, Muir and Nimii‘’, Nordlie’®, Igram 
and Wares“? revealed that. a very important 
question with respect to the physiological eco- 
logy of fishes has received essentially no study, 
that is, how does metabolic rate affected by 
acute salinity change following salnity acclima- 
tion? Marine fish can easily be trapped in 
semiclosed lagoons, mashes, swamps, canals and 
river mouths and becomes partly or fully ac- 
climated to a different salinity region before 
returning to the ocean. In such cases how 
would a fish respond metabolically to normal 
sea water? 

Tests were carried out with opaleye, Girella 
nigricans, which as juveniles, live intertidally for 
one to two years before becoming subtidal”. 
This fish occurs in habitats of isolated tide 
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pools or estuaries, where both hyper- and 


hyposalinities were found. 


MATERIALS AND METHODS 


Experimental fish were obtained from the 
intertidal pools of Dyke rock near the Scripps 
Institution of Oceanography. They were kept 
in running sea water and were fed every other 
day with anchovy and boiled beef liver. Fish 
weighing from 1.31 to 5.92gm were used for 
osmolarity and salinity tolerance experiments, 
those weighing between 2.02 to 3.20 gm were 
used for oxygen consumption measurements. 
Fish were fasten for 24 hrs before use in an 
experiment. 


Salinity tolerance and acclimation 

Fish were segregated in 20 groups and 
transferred into 10 L aquarium providing dif- 
ferent salinities (0.5%, 10%, 20%, 34%0, 48%o, 
60%). The salinities were implemented by 
either diluting the sea water with deionized 


fresh water or by adding NaCl to elevate the 
concentration. 
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Oxygen consumption with respect to salinity 
change 


The oxygen consumption measurement ap- 
paratus was basically a circulating, closed 
system in which the dissolved oxygen can be 
continuously recorded (YSI 5700 dissolved oxy- 
gen probe) and a modified salinity equilibrium 
reservoir was attached on it’. AlN measure- 
ments were made at 21+0.5°C. 

Fish was put in a dimly lighted chamber 
at the appropriate salinity 18 to 24 hrs before 
the measurements were made. Oxygen content 
was continuously recorded until the oxygen 
tension in the system dropped to about 5 ppm. 
Each time aerated water of new salinity was 
introduced into the system, about half an hour 
was allowed for achievement of equilibrium 
before starting a measurement. All readings 
were obtained between 0900 am to 1700 pm to 
minimize possible diurnal metabolic fluctuations. 


1.5 


1.3 


— 
aa 


o 
© 


VO2 (mi/g.-fish/hr ) 
© 
Ny 


10 30 


Osmotic Load: Medium- Blood (mOsm/1) x 100% 


LEE-SHING FANG 


The tidal rhythm should not appear after 2-3 
weeks acclimation’. Usually a fish was left 
in the chamber for 3 days to accomplish a test 
over a Salinity range from 10 to 66%. 


Blood osmolarity and hematocrit 


Blood was collected from the caudal artery 
by a heparinized microtubes®. The hematocrit 
was read by a Spiracrit reader and the blood 


serum osmolarity was measured with a vapor 
pressure osmometer (Wescor Inc. 5100). 


These measurements were made on fish of 
each acclimated group after 30 days of accli- 
mation as well as made on fish during they 
were in oxygen consumption rate measurements. 


RESULTS 


Salinity tolerance 


The LD,, time of Girella nigricans in an 
acute change to fresh water was 1.5 hrs and that 
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Fig. 1. The relationship of metabolic rate and osmotic load for different acclimated 


group with respect to salinities. 
«: 34% acclimated group 
x; 10%, acclimated group 


A: 48%, acclimated group 
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to 60% was 9.1 hrs. Small fish died faster than 
larger ones. Fish in other salinity groups 
(10%. 20%, 34%, 48%) all survived for more 
than 4 weeks. However, after one month, those 
in 10%, 20% and 48% began to die very slowly 
(about 1 fish/3 days), but those kept in 34% did 
not. Secondary effects of salinity on nutrition 
could have occurred”. 


Metabolic rate of different acclimated groups in 
different salinities 


The oxygen consumption of fish from 
normal sea water was not significantly altered 
over a wide salinity range from 10% to 44%, 
(Fig. 1), but increased by about 22% at 56%, 
to 66%. Fish acclimated to 48% had a slightly 
higher routine metabolic rate which increased 
both at higher and lower salinities. However, 
at 10% some of the fish were near death and 
had a low metabolic rate. Fish acclimated at 
10% showed almost the same routine metabolic 
rate as those in normal sea water; yet at higher 
salinities the metabolic rate of the group in- 
creased; it was relatively constant between 
16-48% but increased sharply after 48%. 


Blood plasma osmolarity 


Fig. 2 shows that Girella nigricans is a very 
good osmoregulator. After 30 days acclimation 
to 10%, the fish still had the same blood 
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osmolarity as in normal sea water, And those 
kept in 48% had their plasma osmolarity raised 
only 13% above normal. This species displayed 
a typical homeostatic patterns as described by 
Gilles and Jeuniaux‘. 

The blood osmolarity of acclimated fish 
exposed to different salinities is shown in Fig. 
3. Fish acclimated to 48% did not have a 
regulation capacity in 10%, and fish acclimated 
to 10% began to show a higher blood osmo- 
larity at salinities above 48%. 


The effect of salinity acclimaation on hematocrit 


The hematocrit level of 10% acclimated 
fish was slightly lower than those of the 20%, 
to 349%, groups but this difference is not statis- 
tically significant. However, the average hema- 
tocrit value for the 48%, group was significantly 
higher than the other three groups. (Fig. 4) 
(Student T test, p<0.05). 


DISCUSSION 


The overall metabolic response pattern of 
Girella nigricans from normal sea water to dif- 
ferent salinities corresponds to the model I 
pattern of Nordlie”, i.e. the rate of oxygen 
consumption of G. nigricans is not significantly 
altered over a wide environmental salinity range. 
This permits the fish a euryhaline existence 
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Fig. 2. The mean blood osmolarity of different salinity acclimated groups with 
respect to their external media osmolarity after 30 days of acclimation. 
Number in parenthesis represent number of fish sampled. 
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Fig. 3. The blood osmolarity change of each acclimated group after staying in the 


tested salinities for 1.5 hrs. 
+: 34%, acclimated group 
x: 10% acclimated group 
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Fig. 4. The hematocrit of each acclimated 
group after 30 days of acclimation. 


unhampered by heavy metabolic cost. After 
acclimation, the metabolic response of the fish 
was completely changed. Fish acclimated to 
high (48%) or low (10%) salinities both had 
changed their metabolic salinity patten to model 
type III. Their rates of oxygen consumption 
were minimal in the acclimation salinity but 
increased with either increasing or decreasing 
salinity. Plateaus were found over certain 
salinity ranges in both acclimation groups, a 
result which was different from the strictly 
functional change predicted by model III. This 
modulation of pattern gives rise to an interest- 


Each point was the mean of 4 readings. 


a: 48%, acclimated group 


ing ecological consideration: for example, fish 
which has been accidentally trapped in sand- 
bar blocked river mouths could become accli- 
mated to lower salinity. When next high tide 
coming, instead of returning to normal sea 
water, the fish should actively follow the 
isosalinity line that they were acclimated to, as 
predicated by their metabolic rate model. Thus, 
a physiologically different group is likely to be 
created by this behavior. 

In this experiment the routine metabolic 
rate of fish acclimated to 10% was almost the 
same as in normal sea water, but that in 
48% was slightly higher. This agrees with 
Nordlie’s“” argument that the cost of osmotic 
regulation is high in hyperosmotic media. He 
reasoned that the effective permeability in 
hyperosmotic media is significantly greater 
than in hypoosmotic media because the surface 
area across which the fluxes are occurring is 
greatly increased by the addition of the area 
of the gut wall (drinking rate higher) relative 
to that of the gill epithelium. The metabolic 
rate of G. nigricans after acclimation to 
high salinity (48%) was lower than it was 
before. This was due to the inductive produc- 
tion of more osmoregulatory enzyme which 
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allowed for more efficient ion regulation’**”. 
However, in accordance with Fig. 1, it is clear 
that the picture was much more complicated. 
Fish, acclimated to 48%, had a higher oxygen 
consumption rate not only when the osmotic 
load increased, but also when it decreased. 
Fish acclimated to 10% seemed to have lost 
the regulatory ability it used to have and 
could not maintain its metabolic rate when 
facing even small salinity changes. And for 
any given osmotic load, each acclimation group 
had consumed different amount of energy to 
maintain the same homeostatic internal status; 
while theoretically, the same amount of energy 
should be required for the same osmotic load. 
This phenomenon showed that during the period 
of acclimation, fish had developed some special 
methods of osmoregulation that allowing them 
to exist in an abnormal saline environment 
without having to consume an extra load of 
energy to regulate. By doing this, they traded 
with the loss of flexibility. 

There was no decrease in the oxygen con- 
sumption observed in all acclimated groups 
when under severe hyper-osmotic stress which 
might happen due to the shrinkage of exchange 
surface of the gills’®. This phase could occur 
in the first half hour equilibrium period and 
had not been recorded. 

After 30 days, the hematocrit increased 
38% in high salinity acclimated (48%) fish. 
Grig® stated that the amount of oxygen carried 
by solution in fish blood is often a significant 
contribution to the total oxygen capacity. Fish 
acclimated to high salinity had a slightly higher 
routine metabolic rate and there was less oxygen 
dissolved in aqueous system of higher salinity. 
Therefore, oxygen transport capacity of the 
acclimated fish should increase. Moreover, the 
plasma osmolarity of this fish also was higher 
than normal; so less oxygen might be dissolved 
in the plasma. Thus, the hematocrit increase 
may act to offset these conditions to meet the 
oxygen demand. Assuming there is 6% blood 
volume in a 3 gram test fish, an estimated 
value approximately 35% plasma oxygen trans- 
port capacity loss due to the high salinity 


acclimation might be obtained. However, 
the calculated value of the oxygen carrying 
capacity increase due to hematocrit (hence 
total hemoglobin) increase is 60 times more 
than that necessary to compensate for the loss 
due to the plasma osmolarity increase (1.33 X 
10-? ml O,/fish: 2.2X10-* ml O,/fish). Thus, a 
more likely explanation for the hematocrit 
volume increase may be that the animals had 
lost water in higher salinities and reduced the 
plasma volume‘. 
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